The genus Halobates includes the only five insect species that have been successful in a pelagic marine environment. Different scenarios of independent colonization events of that environment have been proposed, considering the appearance of pelagic distribution in several non-sister clades in the phylogeny of the genus. In this paper, we aim to update the phylogenetic hypothesis under the criterion of Bayesian inference, calibrate a molecular clock using the only fossil described in the genus and also analyze the diversity pattern of the lineage since its divergence. High support values were found in the phylogenetic reconstruction, which tend to decrease with an increase of the distances from the root. Low supports for the most derived clades or relatively recent divergences cast doubt on the delimitation of some species. Although the divergence time for Halobates was estimated at 42.01 mya (± 8.13) the emergence of the lineage probably happened a few million years before, so the estimated time of divergence probably also marked the Halobates species have occurred. In this sense, the ecological character of coastal or pelagic distribution is considered to be a homoplasic character without direct implications on the net diversification of Halobates.
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Background
One of the major challenges of biology is to explain why insects, the most abundant and diverse group on land, have not had the same success in the marine environment where only 1400 species are found [1] [48]. Among insects, Gerridae, with 700 species described in 70 genera [2] is the second highest family in number of species. Among these only 77 species are found in marine environments, 47 of which are in the genus Halobates, the largest number of species in this habitat of any genus [3] . Although many of the recognized marine species are only found in coastal areas exploiting resources from both terrestrial and marine ecosystems, Among the remarkable morphological aspects of this group of marine species we find: (i) smaller size (1.5 -6 mm) relative to other species of aquatic skaters (Gerridae) from coastal areas or inland waters, which allows a greater sustainability in the air-surface film (ii) preference for areas with low light intensity, (iii) scarce diurnal activity, (iv) preference for surface temperature between 24 -28 °C and (v) the capacity to perform jumps near 0.1 m which together with the (vi) ability to soak for about 16 hours corresponds to an effective strategy to escape predation [6] [ [20] . The Halobates adults are always wingless, but can be dispersed by surface currents along the coast, island chains or even through stretches of open water. The consideration of their ability to evade predation has been crucial in interpreting the evolutionary success of Halobates in marine environments, since it is an important selective pressure on species which do not have temporary or permanent defense shelters, but also determines the respiratory physiology of these insects that can survive for long periods of immersion sometimes even at considerable depths [1] .
The systematics of Halobates has been limited to few morphological and molecular phylogenetic analysis that have suggested, in most of them, the monophyly of the genus and the first invasion to the marine habitat 45 million years ago [4] 
Material and Methods

Sequence obtention and alignment
Many of the sequences available in databases correspond to species with broad geographic distribution or are a consequence of particular interest by some researchers in biogeographic, population genetics [23] and evolutionary aspects [24] , among others. The remaining species have very restricted distribution ranges and in most cases have not been included in previously published molecular analyzes. Therefore, only data for 20 species corresponding to 42.5% of genus richness are included in the analysis. All sequences of the 16s, 18s, 28s, EF1 and COI genes published in GenBank [25] for species of Halobates (Table   1) were included in the analysis. Protein coding genes were aligned with respect to the translation into amino acids according to a guided tree in ClustalW [26] , specifying a Gap opening penalty of 10, Gap Extension penalty corresponding to 0.1, two alignment iterations and starting from the first codon. The alignments were translated in reverse (to DNA) and exported for concatenation with the ribosomal genes, which were previously aligned by the algorithm Muscle 
Phylogenetic reconstruction
The reconstruction of the evolutionary history of Halobates was performed using Bayesian algorithms in the software BEAST 1. 
Molecular dating and character state reconstruction
Molecular dating and reconstruction of characters. The absolute dating of the phylogenetic tree was made in BEAST 1.7, which uses Bayesian criteria for calibration of a molecular clock and allows the variation in evolutionary rates between the branches of the phylogenetic tree according to a log-normal distribution and modelling the distribution of the years in the nodes as a process Yule speciation [30] . The only fossil described for Halobates (H. ruffoi) [22] was used in the calibration of the MRCA for the ingroup, assuming a normal probability density function for modelling the ancestor-descendant uncertainty. 
Results
Significant support values were found for most of the branches of the phylogenetic tree ( Fig. 1) when the families began a higher diversification rate than that recorded before and also a significantly lower extinction rate, that allowed since that time the increasing net diversification within the lineage and the current richness (Fig. 2) .
Halobates has an average evolutionary rate close to that of 0.05 % substitutions / site / million years (± 0.01%) and the standard deviation was 0.71% substitutions / site / million years. Cladogenesis rate for the Yule speciation model was 0.06% (± 0.02).
The ancestral reconstruction of the ecological character of binary distribution in ocean zoning (littoral and pelagic) indicated the existence of three major events of colonization of the pelagic habitat by the five species that exhibit this habit. This is a homoplasic character and therefore does not support the monophyly of a clade that brings together all pelagic species (Fig. 3) . The analysis also generates uncertainty about the more probable distribution for the ancestral of Halobates. -10 -rate (λ) was 0.061, extinction (μ) equal to 1.28x10-5 and -log likelihood of speciation / extinction ratio was 72.36%.
Discussion
The number of colonizations of the marine environment by gerromorph insects has probably occurred independently at least 14 times [4] . Some previous estimates 
